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8. Protein repair systems
Accurate post-translation structural conﬁguration of newly
synthesized polypeptide chains is a fundamental conforma-
tional modiﬁcation for most proteins to become functionally
active biomolecules. The maturation from primary to quater-
nary protein structure involves many changes, e.g. folding
and maintenance of steric and spatial relationships between
the different domains of the protein. Conformational defects
in proteins that might happen during these modiﬁcations can
lead to formation of misfolded and/or aggregated non-func-
tional molecules.
Human genome comprises a large number of genes that
code a complex system composed of large numbers of speciﬁc
protein families and subfamilies known as molecular chaper-
ones. These proteins have many important and diverse func-
tions in cellular activities, e.g. assisting non-covalent folding
or unfolding and assembly or disassembly of macromolecular
structures, including proteins. Prevention of misfolding and/or
aggregation of newly synthesized polypeptide chains, which
turn them to nonfunctional biomolecules, is a major and fun-
damental function of molecular chaperones. Other physiolog-
ical functions of chaperones include: transport acrossE-mail addresses: mszsalem@hotmail.com, mszsalem@yahoo.com
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and assistance in protein degradation.
Molecular chaperones, probably, exert critical roles in
maintaining stability and integrity of the proteome. This state
of protein homeostasis, proteostasis, is a prerequisite for prop-
er control and regulation of cellular metabolic networks by
proteins and is mandatory for efﬁcient mediation of cellular
activities. Speciﬁc species of molecular chaperones, surveil-
lance chaperones, are responsible for constant surveillance of
the proteome to ensure proper protein homeostasis. Age-re-
lated decline or mutation-induced defects in proteome stability
and integrity result in progressive aggregation and faulty con-
formational changes of proteins, both of which are associated
with, and underlie, the development of many genetic diseases
like Alzheimer disease, Parkinson disease, prion diseases and
many others [1].9. Silencing of transposon activity during development
Transposons constitute a considerable portion, nearly 40%, of
the human nuclear genome. Transposon activities might have
contradictory effects on the stability and integrity of the nucle-
ar genome. They might behave in a harmful way and act as
major potential causes of spontaneous mutations of the nucle-
ar genome. They can make a copy of themselves and insert the
new copy in another site, or they can detach themselves from
their location and get inserted at different sites of the genome.
In both conditions they result in insertional mutagenesis with
consequent deleterious effects on genomic stability and geno-
mic integrity. If they get inserted in a functional segment of
the genome they lead to structural disruption and loss of func-
tion of the affected segment with resultant pathological effects.
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ciﬁc functions. Within this context, they would be considered
as one of the genetic biological mechanisms involved in, and
responsible for, evolutionary diversity of the genome and the
proteome. They can also cause tangible increases in the
amount of the genetic material due to recurrent synthesis
and addition of multiple new copies of transposable elements
to the nuclear genome.
Transposons probably have a central regulatory role in
early development of the embryo. A key feature of this activity
involves a speciﬁc type of transposable element (MuERV-L)
which is uniquely active during the totipotent cell phase of
embryogenesis. A network of regulatory genes that are partic-
ularly active during early development depends on this trans-
posable element to activate their promoter areas in order to
start their transcriptional activities. The early timed enhance-
ment of the regulatory functions of this genetic network seems
essential for proper differentiation of the totipotent cells which
play fundamental roles in development and differentiation. As
development continues, progressive silencing of the genes of
this regulatory network takes place. This delicate balance in
temporal regulation of transposon activity is critical for
embryogenesis and development as well as for proper develop-
ment of germ line cells, particularly those in spermatocytes
during spermatogenesis [2].
Over activity or uncontrolled activity of transposons can,
thus, have detrimental and devastating effects on embryogen-
esis, differentiation and development, and can lead to patho-
genesis of a wide variety of congenital malformations and
genetic defects. The human genome, however, has a unique
control system composed of a speciﬁc subtype of small or mi-
cro RNA molecules, known as piwiRNA, or piRNA, com-
posed of RNA-piwi protein complexes. They are thought to
be involved in gene silencing, most speciﬁcally the silencing
of transposons. The majority of piRNAs are antisense to
transposon sequences suggesting that transposons are the main
target of piRNA [2]. In mammals, the marked activity of piR-
NAs in silencing of transposons and control of their activities
is most important during the development of the embryo in or-
der to reduce the rate and risk of transposon-induced muta-
tions during this sensitive period of life.10. Antioxidant enzyme systems
The continuous functioning of the exceedingly huge number of
metabolic networks that mediate cellular activities in living
cells results in continuous generation of many different types
of useful and harmful metabolic by-products. Oxidant free
radicals constitute one of the most crucial categories of these
by-products in view of their ability to induce widespread dam-
age in many cellular components including membranes, organ-
elles and structural macromolecules like lipids and proteins.
This structural damage, unless counteracted by opposing
antioxidant mechanisms, results in progressive degradation
of cellular constituents with consequent resultant pathophysio-
logical alterations of cellular functions, leading ultimately to
disease. Although low concentrations of reactive oxygen spe-
cies may be beneﬁcial, or even necessary, in mediating many
cellular processes, e.g. defense against invading micro-organ-
isms and intracellular signaling pathways, nevertheless, higher
concentrations of these free radicals play a causative role in theaging process as well as in pathogenesis of many human
disease states, including immune deﬁciency, neurodegeneration
and cancer. Oxidative damage of nDNA, mtDNA, RNA and
DNA-binding proteins by free radicals represents an impor-
tant category of detrimental genetic mutations induced by
endogenous chemical mutagens inevitably generated during
cellular metabolic activities and other cellular functions [3].
Living cells have several efﬁcient non-enzymatic and enzy-
matic antioxidant activities that are responsible for eliminating
and/or terminating the chain reactions following generation of
free radicals, as a safeguard against their damaging effects on
cellular components and cellular functions. Enzymatic antiox-
idant systems of the cell comprise large numbers of multiple
types of antioxidant enzymes, notably catalase, superoxide dis-
mutase, thioredoxin reductase, glutathione peroxidase and
various other peroxidases. Efﬁcient production of these antiox-
idant enzymes and proper regulation of their functions is man-
datory to keep and maintain redox homeostasis of the cell
which is a critical prerequisite for normal mediation of cellular
activities [4].
11. Apoptosis of heavily, lethally mutated cells
Apoptosis, or programmed cell death, is a universal biological
behavior of most living cells necessary, in conjunction with
other life-regulating mechanisms, for maintaining the vital
balance between life and death that governs optimal life condi-
tions of multicellular organisms. Apoptosis plays fundamental
and crucial roles in normal growth and development as well as
in normal differentiation and determination of the proper ﬁnal
architecture of cells, tissues and organs. Faulty timing or incor-
rect accomplishment of speciﬁc and selective apoptotic pro-
cesses during each of these life stages of the cell might result
in devastating consequences on cellular functions that range
from dysfunction to malformation, and may, even, culminate
ultimately in premature cell death and pathogenesis of disease
[5].
Apoptosis plays a crucial role in maintaining genomic sta-
bility and integrity, not of individual cells, but of the organism
as a whole. Induction of apoptotic mechanisms in heavily mu-
tated or lethally mutated cells leads to death of the cell and
prevents transfer of these mutations to its putative descendant
daughter cells. This fundamental prophylactic anti-mutation
role of apoptosis in cellular activities and life prospects of
living organisms has more far-reaching effects on many impor-
tant aspects related to the balance between, and the incidence
of, normal and mutant genotypes within species-speciﬁc gene
pools. Additionally, apoptosis can affect in an appreciable
manner genomic identity of living organisms because muta-
tion-induced evolutionary or decadence pathways are largely
dependent on the outcome of certain apoptotic mechanisms
operating during certain stages of the cell cycle.
12. Melatonin
Melatonin is a hormone synthesized by the pineal gland, bone
marrow cells, epithelial cells and lymphocytes. Melatonin
receptors are distributed in most organs, a ﬁnding reﬂecting
its widespread roles in regulating various physiological and
psychological processes. Many in vitro and animal studies re-
vealed that melatonin has diverse functions including effective
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breakage [6] and inhibition of tumor development in animals
exposed to experimental chemical carcinogenesis. Melatonin
was shown to have protective effect against oxidative DNA
damage by chemical inactivation of DNA-damaging agent as
well as by stimulating DNA repair mechanisms [7]. These
anti-mutagenic and anti-clastogenic effects of melatonin can
be linked with its ability to protect DNA against oxidative
damage. It may exert this antioxidant action by eliminating
harmful reactive oxygen radicals or by stimulating the repair
processes of oxidative stress-induced damage of DNA [8].
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